Chayote is a plant which grows and develops throughout the year, contains of 93 µg/100g folic acid. The aim of this research was to determine the ratio of sodium alginate with pectin and CaCl2 concentration coating to produce microcapsules of crude folic acid extract. Three steps of experiments were carried out; i.e. Folic acid extraction, microencapsulation of folic acid with ionic gelation, and the analysis of folic acid content and stability during storage. The folic acid extract was obtained by maceration using alcohol 70% at pH 6, preparation of the microcapsules was obtained sodium alginate with pectin and folic acid was analyzed using HPLC. Folic acid extract showed antioxidant activity of 98,1% with folic acid of 0,16 mg/kg. Microencapsulation of folic acid extract results showed the highest antioxidant activity was formed in alginate ratio of 70% to 30% pectin and CaCl2 concentration of 0.1 M i.e. 62.77 mg/kg. Folic acid is an antioxidant, highest antioxidant value folic acid was analyzed, treatment was in alginate ratio of 70% to 30% pectin and CaCl2 concentration at 0.1 M i.e. 3.06 mg/kg, after one week at room temperature becomes 2.39 mg/kg.
Introduction
Deficiency of folic acid causes the body susceptible to diseases such as depression, anxiety, fatigue, insomnia, the difficulty of remembering, red tongue and wounds to indigestion. In pregnant women a deficiency of folic acid increases the risk of premature delivery, low birth weight infants or neural tube defects (Bender, 2002) . Therefore, sufficient intake of folic acid is crucial especially for pregnant woman. However, folic acid is highly unstable, water-soluble, and easily damaged by heat (Yuniati and Almasyhuri, 2012) , therefore special treatment is required to stabilize folic acid.
Chayote is one of natural resources that potential to be the source of folic acid. It contains a high enough folic acid at 93 mcg/100g (USDA, 2008) with the huge production in North Sumatra up to 20,306 tons/year in 2014 (Statistic Indonesia, 2014) .
Encapsulation techniques is usually used to protect a functional substance such as folic acid. Sodium alginate and pectin are usually used as a coating agent to protect the core material through ionic gelation method (Syahron, 2016) . Polyelectrolyte solutions are formed between the polyions with opposite charges, the electrostatic interaction between the charged polyions (Lankapalli and Kolapalli, 2009) . Sodium alginate and pectin dispersed 2 into the aquadest are a solution of polyelectrolytes, and ions that derived from CaCl2 are utilized to form crosslinks. Therefore, the core material of folic acid extracted from the gourd possibly can be maintained its stability with microencapsulation using sodium alginate polymer and pectin.
To the best of our knowledge, there are limited scientific publication study the microencapsulation of folic acid from Chayote. In this research, experiments were focused on the determination of ratio sodium alginate and pectin for folic acid microencapsulation, to determine the best concentration of CaCl2 which yields the best folic acid extract microcapsules from the crude folic acid extract microcapsules, and to determine the best folic acid content of microcapsules based on the best antioxidant activity.
Materials and Methods Materials
Materials used are chayote (Sechium edule Jacq. Swartz) obtained from Berastagi Supermarket, Medan. Chemicals used in this study was 70% alcohol, alginate, pectin, and NaOH 10 N.
Methods

Preparation of Folic Acid Extract
Chayote was washed, cleaned and sliced ditrimming formed slash, then squash dried in an oven at a temperature of 45 o C. Chayote dried pulverized and sieved with a sieve of 60 mesh (Rahmadhayanti, 2013) .
1 kg of Chayote powder were extracted using 1.7 L 70% ethanol at pH of 6 in the absence of light using maceration techniques performed by Greene (2016) . The crude folic acid extract was then concentrated using rotary evaporator at 40 °C, 60 rpm and 200 mBar. Vajpayee et al., 2011 with  modification by Syahron, 2016; Chakraverty  2012 with modification by Oktaviana, 2015) .
Preparation of microcapsules by ionic gelation method (
2 g of sodium alginate-pectin mixture with ratio of 65%: 35%, 70%: 30%, 75%: 25% was brought into the mortal which was then added with iadest. The mixture was then added into 100mL of water, dropwise, accompanied by stirring at 300 rpm for 30 minutes until a mucilago was obtained. Subsequently, 10 mL of folic acid extract was added into the solution. The folic acid microparticles of the squash are formed by dripping the mucilago dispersions of alginatepectin alpha-folic acid extract using 21G syringe dripped into 30 mL of CaCl2 solution for 30 minutes (Figure 1 ). The microparticles formed are then filtered and washed using aquadest. The formed microparticles are dried in the oven at 37°C for 10 hours. 
Preparation of Standard Solution
The standard folic acid was prepared by dissolving in 0.1 M buffer dibasic potassium phosphate (pH 8-8.5) which contained 0.1% ascorbic acid and 0.1% 2-mercaptoetanol so that the concentration of folic acid to 200 mg/mL. Standard solution should be used as soon as possible to avoid damage of folic acid. Enzyme Α-amylase enzyme (EC 3.2.1.1) produced by Aspergillus oryzae was used in this study. Enzyme dissolved in distilled water so that its concentration was 25 mg/mL. 1 mL of enzyme was used for 1 gram of sample. The enzyme was then further diluted to have concentration of 5 mg/mL.
3.
Sample 5 g crude extract were added with 50 mL solution (0.1 M dibasic potassium phosphate (pH 8-8.5), ascorbic acid 0.1% and 0.1% 2mercaptoetanol) and homogenized for an hour. The sample was then heated using autoclave for 15 minutes, cooled in ice bath, and homogenized. It was then incubated with 1.25 mL α-amylase (EC 3.2.1.1) at 37 ° C for 4 hours. Subsequently, the sample was added with 1 mL of protease for 1 hour at 37 ° C and then heated for 5 minutes in boiling water. After incubation, the sample was centrifuged for 20 minutes at 4000 rpm. The supernatant was filtered with Whatman 42, then stored in temperature (-20 ° C) or injected immediately.
The analysis of folic acid was performed using Reverse Phase-HPLC equipped with UV/Vis detector with the flow set at 1 mL/min and wavelength at 280 nm. two types of mobile phase namely, solution A, 28 mmol/L dibasic potassium phosphate and 60 mmol/L potassium acid in water, and solution B, 28 mmol/L dibasic potassium phosphate and 60 mmol/L of phosphoric acid in 200 mL/L acetonitrile and 800 mL/ L water) were used. In the first 3 minutes, 100% of solution A is used. In the next 10 minutes, the composition of the mobile phase was changed into 70% of Solution A and 30% of solution B. The eluent composition was again changed to 45% solution A and 55% solution B for 27 minutes. In the last 15 minutes, the mobile phase composition was changed to 43% of solution A and 57% of solution B. (Onayanti, 2015) .
Stability testing of folic acid extract microcapsules after storage for one week
The stability test of the encapsulated folic acid extract was performed for 1week at temperature of 28 o C.
Observation and Data Analysis 1.
Crude Fiber Content (Sudarmadji et al., 1989) 2 g of sample (dry matter) were transferred into a 500 mL Erlenmeyer. 200 mL of H2SO4 was then added into solution followed by covering the solution and boiling for 30 minutes, shaking occasionally. The suspension is filtered through a filter paper and the residue left in the filter paper was washed with boiling aquadest until the washed water was not acidic anymore.
Subsequently, the residue was transferred into an Erlenmeyer by washing it with 200mL of 0.313 NaOH solution. The solution was then boiled followed by cooling and shaken occasionally for 30 minutes. Afterwards, the solution was filtered using a filter of a known weight and washed with 10% of K2SO4 solution. Lastly, the residue was washed with boiling aquadest followed by 15 mL of 95% alcohol. The filter paper was then dried at 105°C for 1-2 hours. The fiber content can then be calculated using the Equation 1.
where: F0 = Crude fiber (%) F1 = Filter paper weight (g) F2 = Total weight of filter paper and fiber (g) Fi = Initial sample weight (g)
2.
Water Content (AOAC, 1995) 5 g of sample was put into an aluminum cup of known weight which had been dried for one hour at 105 o C. The sample was dried at 105 o C for three hours, cooled in a desiccator, and weighted. These steps were repeated until a constant sample weight was obtained. The water content was then calculated by the Equation 2.
where: Ww = Water content (%) Wi = Initial weight (g) Wf = End weight (g)
3.
Acidity Level (pH) (AOAC, 1970) Prior to pH measurement, the samples were diluted with a dilution factor of 4 times. The pH of the solutions was measured using pH meter.
4.
Total Soluble Solid (TSS) (Muchtadi and Sugiono, 1990) The total soluble solid was measured using hand refractometer. 5 g of sample was brought into a beaker glass and aquadest was added to obtain solution with a total weight of 15 g. The mixture was then stirred to obtain a homogenous solution. One drop of the solution was required for the measurement. The TTS was calculated using the Equation 3. The surface morphology and structure of microcapsules were observed using the Hirox Audio Video Microscope at 60 X magnification with MX (G) -2016 lens and camera at level of 128, equipped with a standard gamma. The intensity of the LED light source was set at 5700K with the color of the light (5460K) produces sample color images and fast lighting right in the absence of heating time.
6.
Antioxidant Activity (Departemen Kesehatan Republik Indonesia, 1979; Swastika et al., 2013) a. Preparation of methanol extract 10 g of sample was added into 90 mL of methanol. The sample should be fully submerged. The container was closed tightly, and mixture was left undisturbed for 5 days in a dark place. Afterwards, the solution was filtered and moved to another container. The process was repeated until the sample is perfectly filtered. The liquid extract obtained was then evaporated for 15 minutes at 70°C and atmospheric pressure in a water. b. Preparation of DPPH solution 50 mg of crystal DPPH was mixed with ethanol in 100 mL poultice flask to obtain DPPH concentration of 0.05%. This stock solution was then diluted to concentration of 0.004%. c. Measuring the antioxidant activity by immersion method DPPH 1.0 mL of 0.004% DPPH solution was mixed with certain amount of absolute ethanol to obtain solution with a total volume of 50 mL. The absorbance of the solution was measured using spectrophotometer at λ 518 nm, with pure ethanol as a blank. For antioxidant activity analysis of the sample: 2 mL of sample solution was taken and incorporated into a 50 mL Erlenmeyer which was then added with 1 mL of DPPH solution and 4 mL of ethanol. The mixture was then left undisturbed and protected from light. Subsequently, the mixture was vortexed for 20 second and the absorbance was read in a spectrophotometer. The amount of antioxidant activity was then calculated using the Equation 4. 
Results and Discussion
Antioxidant activity of nonmicroencapsulated folic acid extract was 98.1% with folic acid content of 0.82 mg/kg, the yield was then microencapsulated into microcapsules of crude folic extract. The highest antioxidant activity (%) was observed in the folate acid treated with A2M2 treatment which contained sodium alginate and pectin with ratio of 70%: 30% and 0.1 M CaCl2 with folic acid concentration of 3.06 mg/kg. The content of folic acid decreased significantly from 3,06 mg/kg to 2.39 mg/kg after one week.
Crude Fiber Content
The results of variance analysis showed no significant effect on the coarse fiber content of crude folic acid extract microcapsules. The ratio of sodium alginate to pectin and the concentration of CaCl2 significantly influence the crude fiber content of the microcapsules. The effect of sodium alginate ratio to pectin and CaCl2on crude fiber content of folic acid extract microcapsules can be seen in Figure 2 and It can be seen (Figure 2 ) that the higher the sodium alginate or the lower the pectin, the higher was the crude fiber content of the microcapsules. This can be explained by the fact that the alginate which is obtained from seaweed (Aslan, 1999) is richer in fiber than pectin. According to Dwiyitno (2011), the total fiber content in seaweed is relatively higher than that of food stuffs derived from land plants (tubers, fruits, cereals, and nuts). Besides, terrestrial plant fibers typically contain more water insoluble fiber than seaweed. Pectin is a soluble fiber found in fruits, glucan on cereals, and gums in nuts, seeds, and seaweed (Enema, 1976) .
It can be seen ( Figure 3 ) the calcium alginate fiber and pectin tended to bind calcium and formed a solid microcapsule. Calcium bonded by alginates will determine how many bonds occur to form fibers. The higher fiber content observed at higher CaCl2 concentration in this research was assumed to be originated purely from the high alginate concentration used (Peranginangin et al., 2015) .
Water Content
There was no significant effect of sodium alginate-pectin ratio and CaCl2 concentration interaction on the water content of the microcapsules extract folic acid, but each treatment factor provides highly significant effect on the water content. The It can be seen (Figure 4 ) that the higher the sodium alginate or the lower the pectin, the higher was the water content because pectin is a very strong water binder. According to Estiasih and Ahmadi (2009) , pectin added to the foodstuff can solidify a homogeneous dispersion system, increase the viscosity of the material, and reduce the water content of the material. The increase in the amount of pectin can decrease the levels of water in the materials produced (Juwita et al., 2014) . This could be also due to the ability of Sodium Alginate to bind high amount of water. According to Dwijayanti (2009) , sodium alginate is soluble in water and that the fiber material forms a mesh-like grid that is able to bind strongly to a lot of water molecules and retain water solutes well.
Low water content is good for the storage of the microcapsules since it leads to longer shelf life because water can be a medium for microbial growth such as fungi. Microorganisms can grow well at moisture content above 10% (Faradiba et al., 2013) .
Acidity Level (pH)
The interaction between the ratio of sodium alginate to pectin and concentration of CaCl2 showed highly significant effect on the level of acidity (pH) of folic acid extract microcapsules. The effect of ratio of Sodium alginate to pectin pectin and CaCl2 on acidity level (pH) of crude folic acid extract microcapsules is shown in Figure 6 .
According to Madziva et al., (2006) , the hydrogel alginate-pectin showed remarkable stability in acidic conditions and that hydrogel bond would be released in alkaline conditions. Folate is susceptible to oxidative degradation induced by oxygen, light, sunlight, oxidation and reduction, and heat, which cause the molecules to become biologically active. Folic acid stability also depends on the pH. Whereas the reduced folate binding hydrogels are most vulnerable at pH> 8 and pH <2, they are stable in the pH range of 4-6. Food with high level of acidity (low pH) is most likely to be stable againts microbial growth (Winarno, 2008) .
Total Soluble Solid (TSS)
The interaction of sodium alginate to pectin ratio and CaCl2 concentration had significant effect on the total soluble solid (TSS) of crude folic acid extract microcapsules (Figure 7) . The higher the sodium alginate or the less pectin, the higher was the total soluble solid (TSS) as Sodium alginate increased the total sugar. According to Dwijayanti (2009) , the addition of sodium alginate can increase the total sugar in the ingredients. Alginate is a hydrocolloid compound composed of polysaccharides, in which the polysaccharides are sugar polymers with long chain (Fardiaz, 1989) . 
Microcapsule Form
The best form of microparticles was obtained from alginate-pectin ratio of 75%:25% and CaCl2 concentration of 0.5 M which produced spere microparticles. On the other hand, alginate-pectin ratio of 65%:35% and CaCl2 concentration of 0.05 M produced irregular sphere. It seems that the higher the concentration of alginate, the bigger was the microcapsule. According to Tello et al., (2015) , alginate increases size, whereas pectin shrinks the size of microparticles. In addition, according to Syahron (2016) , capsules which are produced with less concentration of pectin have a shape which is close to spherical. Microencapsulated forms can be seen in Figure  8 Microencapsulated crude folic acid extract formed an uneven shape (inclined round). According to Oktaviana (2015) , the tip of a tapered microcapsule is due to uses a syringe with a pointed needle tip. The microcapsule surface obtained from this research was also uneven and potholes. According to Febriyenti et al., (2013) , the uneven surface is generated due to a nonhomogeneous solution, thus air bubbles are trapped inside.
Wet microcapsules are spread, and after drying they became unstable. According to Sari et al., (2012) , due to the heat transfer process during drying, the water absorbed in the wet microcapsule is pushed out so that the microcapsule structure is not stiff. Wet microcapsules and dry microcapsules of crude folic acid extract can be seen in Figure 9 . 
Diameter (µm)
The interaction between the ratio of sodium alginate to pectin and CaCl2 concentration showed highly significant effect on the diameter of crude folic acid extract microcapsules. Microcapsules of crude folic acid extract prepared with sodium alginate-pectin ratio of 72%: 25% and CaCl2 concentration of 0.1 M had the highest antioxidant activity 62.77% as can be seen in Figure 10 .
The increasing concentration of CaCl2 resulted in a harder, stiffer, and more rounded microcapsules. According to Jelvehgari et al., (2004) , the higher the concentration of Ca 2+ ions, the more crosslinking with sodium alginate-pectin occurred resulting in a compact and sturdy structure. Increase in pectin concentration resulted in an oval and relatively large size capsules. Natural structure of pectin which contained neutral sugars such as xylose, galactose and arabinose contribute to the elongation of the capsule (Jaya et al, 2010) .
Antioxidant Activity (%)
Higher antioxidant activity can be maintained at higher sodium alginate concentration. According to Siswanti et al., (2013) , higher concentration of sodium alginate formed tighter and greater pore density which will cause the trapped core material trapped becomes increasingly restrained (Figure 11) .
The interaction between the ratio of sodium alginate to pectin and CaCl2 concentration showed significant effect on the antioxidant activity of crude folic acid extract microcapsules. The increasing concentrations of Ca 2+ made the microcapsules became more cohesive and thus the antioxidant activity could be maintained. According to Seixas et al., (2013) , Ca 2+ ions could induce crosslinking, thus high concentration of Ca 2+ made the bonds between molecules to be more cohesive. The antioxidant activity at 0.05 M CaCl2 increased up to 0.5 M at all sodium alginate-pectin ratio, except at 0.1 M CaCl2. At 0.1 M CaCl2, the antioxidant activity increased up to sodium alginate-pectin ratio of 70%: 30% which then decreased when the sodium alginate concentration increased to 75%. This could be due to the entangled Ca ++ in the microencapsulate was excessive so that Ca ++ addition did not increase Ca ++ in the texture. This is in line with the study performed by Madziva et al., (2005 The author stated that the best folic acid encapsulation was at alginate to pectin ratio of 70%: 30% and CaCl2 concentration of 0.1 M. At 0.1 M CaCl2 it began to weaken, and the weakest was observed at CaCl2 concentration of 0.05 M. According to Sari et al., (2004) , the amount of Ca 2+ absorbed in the network will reach maximum, then increasing the concentration will not increase the amount of Ca 2+ into the texture.
Folic Acid
Folic acid is an antioxidant compound. A good microcapsule is capable of maintaining a network of folic acid so it has the best antioxidant activity such as in the treatment of alginate ratio of 70% and 30% pectin with a CaCl2 concentration of 0.1 M. According to Joshi et al., (2001) , folic acid is called as a potential antioxidant because of its nature that counteract and neutralize free radicals. The content of folic acid before and after storage at room temperature (28°C) for one week (mg/ kg) can be seen in Table 1 .
The microcapsules of crude folic acid extract stored at room temperature decreased drastically. It is preferable to store the the micocapsules at refrigerator temperature to maintain a micro-encapsulated folic acid extract. According to Onayanti (2015) , the viability of the core material which encapsulated by the method of cross-linking produced microcapsules with viability as high as the storage period of 6 weeks at refrigerator 
Conclusion
The best folic acid content found in A2M2 treatment i.e. microcapsule with alginate to pectin ratio of 70%: 30% (A2) and CaCl2 concentration of 0,1M (M2), it had 7,17% and 8,51% of crude fiber at alginate to pectin ratio of 70%: 30% and CaCl2 concentration of 0.1 M, respectively. Furthermore, the microcapsules water content was found to be 8,51% and 7,25% at alginate to pectin ratio of 70%: 30% and CaCl2 concentration of 0.1 M, respectively, with 5,16% acidity level; 35,00 o Brix total soluble solid; 416,67 µm diameter; and 62,77% antioxidant activity. Storage of crude folic acid extract microcapsules was suggested to be at cold temperatures (4 o C) to avoid damage, folic acid content after storage for one week at room temperature decreased significantly, from 3,06 mg/kg to 2.39 mg/kg.
